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We Are All for Elevating VR. . .
Vasken Dilsizian, MD,* Y. Chandrashekhar, MD, DM,† Jagat Narula, MD, PHD‡It is well demonstrated that myocardial perfusion
imaging (MPI), when performed as an adjunct to
exercise treadmill electrocardiography (ECG), is a
more sensitive test for detecting coronary artery
disease (CAD) and it is even more effective
than the location of ST segment depression on
the ECG tracings for identifying the ischemic
vascular territory. Accordingly, the practice of
interpreting clinical myocardial perfusion single-
photon emission computed tomography (SPECT)
studies has evolved such that when the informa-
tion provided by the exercise ECG tracings and
SPECT are disparate, the scintigraphic informa-
tion “always” trumps the ECG findings. When
ECG changes during treadmill exercise are abnor-
mal in the setting of a normal myocardial perfu-
sion study, the ECG changes are considered to be
nonspecific. Conversely, when there are no isch-
emic ECG changes during treadmill exercise, but
the myocardial perfusion study is abnormal, the
ECG is deemed to be insensitive. While there is
a lot of data supporting this view in most condi-
tions, there always remains the possibility that
better analysis of ECG changes or even some
simple but less respected ECG parameters, might
alter this assumption in specific situations. In the
current issue of iJACC, Uthamalingam et al. (1)
resent compelling data for exercise-induced ST-
egment elevation in lead aVR as a useful indica-
or of significant left main or ostial left anterior
descending (LAD) stenosis. Among subjects under-
going exercise ECG treadmill study and subsequent
cardiac catheterization the positive predictive accu-
racy (at 1 mm of exercise-induced ST-segment ele-
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California.vation in lead aVR) for identifying significant left
main or ostial LAD stenosis was 44% with a high
negative predictive accuracy of 94% (1). In multi-
variate analysis, exercise-induced ST-segment ele-
vation in aVR emerged as the strongest predictor
of disease in the left main or ostial LAD. Indeed,
the investigators report a near 3-fold increase in
post-test probability of these findings on coronary
angiography from 17% to 45% suggesting that at-
tention to what happens to aVR during exercise is
quite important. This report, while not new in its
concept, is one of the strongest in this area, espe-
cially given a large number of well-studied pa-
tients and the nice comparison with MPI. How-
ever, while important, the findings of this study
should be considered with a balanced clinical per-
spective. All patients had interpretable baseline
electrocardiograms, had a concomitant coronary
angiogram, and were able to exercise reasonably
well to be included in this study. Therefore, the
study population was somewhat artificially en-
riched. Only one-half achieved adequate effort
(85% of target heart rate); while the investigators
make a case that this should help perfusion imag-
ing (the more sensitive test) versus electrocardio-
gram (the less sensitive test), it remains an as-
sumption that sensitivity of perfusion imaging was
not adversely impacted. Information on combined
assessment of myocardial perfusion SPECT with
electrocardiographic changes in lead aVR was not
provided. It is noteworthy that in the subset of
patients who had myocardial perfusion SPECT
studies, both post-exercise left ventricular ejection
fraction and percent ischemia in the LAD vascular
territory provided independent predictive power to
aVR ST-segment elevation as indicators of left main
or ostial LAD stenosis in multivariate analysis (1).
Finally, post-test probability was raised only to
50% and this is very likely to be even more im-
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210paired in the real-world stress laboratory patients.
The post-test probability would therefore still re-
main in the intermediate territory where addi-
tional imaging might, ordinarily, be indicated. It
would, therefore, be difficult to recommend an-
giography solely based on aVR changes during a
nonimaging stress test, if one did not have ancil-
lary confirmation.
Nevertheless, this study provides valuable infor-
mation and helps restore the importance of lead
aVR during exercise testing. Lead aVR is a left
ventricular intracavitary lead, and the interpreta-
tion of ST segment changes in this lead has been
ignored for decades. Many clinicians assume that
changes in aVR merely reflect reciprocal changes
from other leads and the rather older American
College of Cardiology/American Heart Associa-
tion 2002 guidelines did not support a major role
for lead aVR (2). Over the years, ST-segment el-
evation in aVR has been shown to add to diag-
nostic and prognostic information, particularly
identifying severe left main or proximal LAD dis-
ease in the setting of acute coronary syndromes (3,4)
as well as in nonacute settings (5,6). This paper
strongly supports the value of the exercise-induced
ST-segment elevation in aVR as an adjunct to
myocardial perfusion SPECT imaging. It may be
particularly useful in patients with normal myo-
cardial perfusion SPECT due to balanced re-
duction in blood flow (left main plus right cor-
onary artery stenosis). Likewise, among patients
with subendocardial ischemia, the intracavitary
lead aVR may reflect the electrical manifestation
of the intracavitary ischemia better that nontrans-Task Force on Practice Guidelines
3
4
non-ST-segment eleSPECT, as the latter may often be below the res-
olution of conventional SPECT cameras and at
times detected as transient ischemic cavity dila-
tion. Thus, beyond left main and ostial LAD le-
sions, ST-segment elevation in aVR may be a
useful marker for improving the sensitivity for de-
tection of coronary disease and perhaps reflect the
overall burden of disease when interpreted in con-
junction with MPI. ST-segment elevation in aVR
may also provide incremental prognostic informa-
tion beyond Duke treadmill score and SPECT
findings. However, these concepts need to be
tested in nonenriched populations for a better un-
derstanding of its performance characteristics.
While that may be a requisite for lead aVR to be
given its deserved recognition in the next Ameri-
can College of Cardiology/American Heart Asso-
ciation guideline update for interpreting electro-
cardiographic changes on exercise testing, this
iJACC study suggests that there is no reason to
wait for an official endorsement; ST-segment ele-
vation during exercise testing has moved beyond
being ignored as unimportant and should generate
a high level of suspicion for the presence of sig-
nificant coronary disease. Despite the advent of
sophisticated imaging, fundamental changes ob-
served on electrocardiogram as a consequence of
myocardial ischemia constitute an inexpensive and
invaluable diagnostic tool. Nearly a century after
the discovery of the string galvanometer, which
allowed Einthoven to record the electrocardio-
gram on a routine basis, our old friend, the elec-
trocardiogram, remains a cornerstone of goodmural regional myocardial perfusion defect on clinical practice.5
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